The energy of a simple graph G, denoted by E(G), is the sum of the absolute values of the eigenvalues of G. Two n-vertex graphs with the same energies are called equienergetic graphs. A graph G with the property G ∼ = G is called self-complementary graph, where G denotes the complement of G. Two non-self-complementary equienergetic graphs G 1 and G 2 satisfying the property G 1 ∼ = G 2 are called complementary equienergetic graphs. Recently, Ramane et al.
Introduction
Throughout this paper, by a graph we mean a simple graph (that is, a graph without loops and multiple edges). Vertex set and edge set of a graph G are denoted by V (G) and E(G), respectively. Edge connecting the vertices u, v ∈ V (G) is denoted by uv. An n-vertex graph is a graph with order n. The complement G of a n-vertex graph G is the graph with the vertex set V (G) = V (G) and uv ∈ E(G) if and only if uv ∈ E(G). A graph G with the property G ∼ = G is called self-complementary graph. The line graph L(G) of a graph G is a graph whose vertex set is E(G) and two vertices in L(G) are adjacent if and only if the corresponding edges are adjacent in G. The matrix A(G) = [a i,j ] n×n is called the adjacency matrix of a graph G where
and V (G) = {v 1 , v 2 , · · · , v n }. The eigenvalues of a graph G are simply the eigenvalues of its adjacency matrix A(G). It needs to be mentioned here that all the eigenvalues of a graph G are always real because A(G) is a real symmetric matrix. The set of eigenvalues of a graph G is called the spectrum of G. Two graphs with the same spectra are known as the cospectral graphs. Graph theoretical terminology not defined here can be found in some standard book of graph theory, like [4] .
The energy E(G) of a graph G is the sum of the absolute values of the eigenvalues of G.
This concept of graph energy, originating from HMO (Hückel molecular orbital) theory, was firstly introduced by Gutman [7] . The graph energy can be considered as one of the most studied spectrum-based graph invariants in chemical graph theory. Details about the graph energy can be found in the books [12, 19] , book chapters [8, 9, 13] , reviews [10, 11] (it should be mentioned here that scanned copy of the seminal paper [7] on graph energy is given in [10] ), recent papers [1-3, 6, 20, 21, 23, 24, 29, 30] and in the related references listed therein.
Two n-vertex graphs with the same energies are called equienergetic graphs. Certainly, cospectral graphs are always equienergetic graphs. Indulal and Vijayakumar [18] studied the equienergetic self-complementary graphs and showed that there exist equienergetic selfcomplementary graphs on n vertices for every n = 4k with k ≥ 2 and for every n = 24t + 1 with t ≥ 3. Does there exists some non-self-complementary graph G with the property
The answer of this question is yes; Ramane et al. [25] proved that for an r-regular graph G, with r ≥ 3, the equation E(L(L(G))) = E(L(L(G)) ) holds if and only if G is isomorphic to the complete graph of order 6. This result of Ramane et al. gave a birth to the following definition: two non-self-complementary equienergetic graphs G 1 and G 2 satisfying G 1 ∼ = G 2 are called complementary equienergetic graphs. Recently, Ramane et al. [26] established several results concerning the complementary equienergetic regular graphs and suggested to study the complementary equienergetic non-regular graphs. In this paper, we continue the work done in [26] . More precisely, we determine all the complementary equienergetic graphs with at most 10 vertices as well as all the members of the graph class Ω = {G : E(L(G)) = E(L(G)), the order of G is at most 10} by developing some computer codes and by making use of some software.
Firstly, by developing a java code for GraphTea [16, 27] , we determined all the graphs G (in graph6 format) of order at most 10 satisfying
and/or
up to five decimal places. Then, we made a c-program code and used nauty [15, 22] for converting the graph6 codes into adjacency matrices. Finally, bearing in mind Equations (1) and (2), we filtered these adjacency matrices by using a high precision computing (500 decimals) of Maple [17].
Complementary equienergetic graphs on at most 10 vertices
Among all the graphs of order at most 5, there is only one pair of complementary equienergetic graphs and this pair consists of the 4-vertex cycle graph C 4 and its complement. There is exactly one pair of complementary equienergetic graphs of order n for every n ∈ {6, 7}, see Figure 1 . Eigenvalues and energies of the pairs of the graphs (D 1 , D 2 ) and (E 1 , E 2 ), are given in Table 1 , from which it follows that each of these two pairs is non-cospectral. Figure 1 .
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There are eight possible pairs of complementary equienergetic graphs of order 8, see Figure   2 . From these eight pairs, exactly two pairs (F 1 , F 2 ) and (F 15 , F 16 ) are cospectral. For the remaining six pairs, either their eigenvalues and energies, or just their characteristic polynomials (where we could not find the closed forms of all the eigenvalues and energies -in that case energies are verified up to 500 decimal places using Maple [17]) are given in Table   2 . Table 2 : Eigenvalues and energies, or just the characteristic polynomials, of the graphs F 3 , F 4 , · · · , F 14 , depicted in Figure 2 .
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On 9 vertices, there are exactly twenty four pairs of complementary equienergetic graphs, which are depicted in Figure 3 . From these twenty four pairs, exactly nineteen pairs, namely (G 2i−1 , G 2i ) with i = 6, 7, · · · , 24, are cospectral. For the remaining five pairs, their eigenvalues and energies are given in Table 3 . Table 3 : Eigenvalues and energies of the graphs G 1 , G 2 , · · · , G 10 , shown in Figure 3 .
All the possible pairs of complementary equienergetic graphs of order 10 (which are forty seven in total) are shown in Figures 4 and 5. We note that none of these pairs is cospectral.
We give either the eigenvalues and energies, or just the characteristic polynomials (where we could not find the closed forms of the eigenvalues and energies -in that case energies are verified up to 500 decimal places using Maple [17]) in Table 4 . Graph Eigenvalues / Characteristic polynomial Energy
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All the possible members of the graph class Ω = {G : E(L(G)) = E(L(G)), the order of G is at most 10}, are given in Figure 6 . Now, we prove a result, which guaranties that the graph LG 9 5 (shown in Figure 6 ) belongs to the class Ω. In order to state and prove this result, we need a notation: denote by K (q) p the graph obtained from the complete graphs K p and K q by identifying one of their vertices.
Proof. The result follows from the following facts It is clear that LG 9
6 and hence by using Proposition 2.1, we deduce that LG 9 5 ∈ Ω. Also, the next proposition (Proposition 2.2) ensures that the graphs LG 5 1 , LG 6 2 , LG 7 1 , LG 8 2 , LG 8 3 , LG 8 5 , LG 9 1 , LG 9 3 , LG 9 4 , LG 10 1 , LG 10 2 , LG 10 4 and LG 10 8 belong to the class Ω.
Proposition 2.2. [26]
For p, q ≥ 2, it holds that E (L (K p,q )) = E L (K p,q ) .
The energies and/or the characteristic polynomials of the line graphs as well as complements of the line graphs, of those graphs of Figure 6 which are different from LG 5 1 , LG 6 2 , LG 7 1 , LG 8 2 , LG 8 3 , LG 8 5 , LG 9 1 , LG 9 3 , LG 9 4 , LG 9 5 , LG 10 1 , LG 10 2 , LG 10 4 and LG 10 8 , are specified in Table  5 . We remark that the missing energies in Table 5 are verified up to 500 decimal places using Maple [17]. 
Continuation of Table 5 Graph LG k i Characteristic Polynomials of L(LG k i ) and L(LG k i ) Energies of L(LG k i ) and L(LG k i ) A design in which number of blocks and number of points are same is called symmetric. The incidence matrix N of a 2-(v, k, λ) design is the (0, 1) matrix with rows indexed by the points, and columns indexed by the blocks, such that N i,j = 1 if the point i belongs to the block j, and N i,j = 0 otherwise. The incidence graph of a design with incidence matrix N is the bipartite graph with the adjacency matrix O N N T O .
We also need the following two results. 
Theorem 2.4. [28] If G is an r-regular graph of order n with the eigenvalues r, λ 2 , · · · , λ n then the eigenvalues of G are n − r − 1, −λ 2 − 1, · · · , −λ n − 1.
We are now in position to state and prove the final result of this paper.
Proposition 2.5. For l ≥ 4, IG(l, l − 1, l − 2) and IG(l, l − 1, l − 2) are complementary equienergetic graphs where IG(l, l − 1, l − 2) is the incidence graph of the symmetric 2-(l, l − 1, l − 2) design.
Proof. By Theorem 2.3, it holds that
Spec (IG(l, l − 1, l − 2)) = l − 1 1 1 − l −1
Also, by using Theorem 2.3, we get Spec IG(l, l − 1, l − 2) = l −2 l − 2 0 1 l − 1 1 l − 1 and hence it holds that E (IG(l, l − 1, l − 2)) = E IG(l, l − 1, l − 2) = 4(l − 1).
